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Polymer Electrolyte Electrochemical C 11 



The recent development of electrochemical cells based on 
lithium containing negative electrode structures has 
5 allowed the fabrication of cells of high energy density. 

Cells have been obtained, which display energy densities 
beyond 200 Wh/1 and even 250 Wh/1 has been reported. 

In order to reach such high energy densities, rhe capacity 
10 utilisation of the active materials in the cell should be 

high. As further high rate capabilities of the 

electrochemical cells are sought, electrolyte phases should 
provide low impedance* 

15 Traditionally, high conductivity electrolytes have been 

liquid electrolytes, such electrolytes are used in lithium 
cells of intercalation compound electrodes; The positive 
electrode structures are based on transition metal oxides 
operating at a potential close to 4V vs. Li/Li"^, Negative 

2 0 electrode structures of carbons and graphites may be 

applied, v/hich reversibly intercalate lithium at a 
potential close to the potential of metallic lithium. Such 
cells are referred to as lithium-ion cells, as the active 
lithium is alv/ays in its ionic form. Alternatively, 

2 5 negative electrode structures of alloys such as Li-Al and 

Li-Sn may be used. Such cells will be referred to as 
lithium-alloy cells. All of the above configurations 
provide voltages close to 4V. 

3 0 As high energy density and high rate capability imply 

reduced safety, an important objective in the development 
of such electrochemical cells has been to improve the 
safety aspects of the use of such cells- 
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The main improvement: in terms of safety has been the 
substitution of carbon or alloy structures for the pure 
lithium metal negative electrode structures. During 
operation of lithium metal based negative electrodes, 
dendrites form, which penetrate the cell separator and 
shorten the cell* Although the risk of dendrite formation 
cannot be completely ignored in lithium-ion or lithium- 
alloy cells ^ especially during high-rate charging; the risk 
is strongly reduced compared to lithium metal cells ♦ 



Another problem associated \-7±Zh the liquid electrolytes 
traditionally applied is leakage of the electrolyte. The 
leakage may not only lead to cell failure; penetration of 
the corrosive fluid nay destroy the electronic device in 
15 which the cell is used* 

One approach to solve these problems has been the 
application of solid state electrolytes. The use of such 
electrolytes will merely eliminate the risk of dendrite 
20 formation and. of electrolyce leakage, 

US 5,296,318 to Bell Communication Research describes the 
use of a polymer electrolyte based on 
polyvinylidenef luoride-hexaf luoropropylene copolymer, which 
25 is present in the electrolyte phase in an amount 

corresponding to 3 0-3 0% by weight of the electrolyte 
system. Electrochemical cells based on such polymer 
electrolyte has significantly lover conductivity than cells 
based on a liquid electrolyte. 



US 5,413,091 to Bell Communication Research describes a 
multistep process for the application of polymer 
electrolytes as described in the above US 5,296,318. 



The above patents lairror the problem of solid state 
electrolytes, and in particular of polymer electrolytes, 
which are the best ambient temperature candidates; their 
conductivity is too lov;. Due to the low conductivity of the 
polymer electrolytes, the performance of the 
electrochemical cells in which they are applied is strongly 
reduced compared to liquid electrolyte cells. 

Therefore, there is a strong need for polymer electrolytes 
and process technology therefor, which will provide 
electrochemical cells of high performance and safety, and 
which can be applied by a simple, low cost process. 

It is thus an objective of the present invention to provide 
such polymer electrolytes, which display performance 
similar to liquid electrolytes, however, with improved 
safety, and processes therefor, which are simpler than 
traditional processing of polymer electrolytes 

The objective is accomplished by a polymer electrolyte, 
which has a significantly lower polymer content than 
traditional polymer electrolytes, and which can be 
processed according to a simple temperature scheme. 

Surprisingly it has been found, that a range of polymer 
electrolytes based on f luorocarbons exists, which upon 
heating to a certain dissolution temperature T^^^^^^ produce 
low viscosity solutions. Such solutions are stable between 
room temperature and the above T^fggo^ • when additionally 
heated to a gelling temperature Tg^^, Tg^^ > Tj.,,,,^, they 
undergo a transition, in that they upon cooling form gels 
of significantly higher viscosity than for the above 
solutions • 



As used herein^ a gel is defined as a system of which the 
modulus of elasticity is higher than the modulus of loss; 
i.e, it has dominating elastic properties over viscous 
properties 

such processing scheme is applied to polymer electrolytes 
of a polymer content in the range of 1-12% by weight of the 
electrolyte system. The electrolytes are then easily 
processable in that they are treated as liquid electrolytes 
until the final process step, during which the gelling 
takes place. 

Thus^ according to the present invention an electrolyte 
precursor comprising one or more solvents^ one or more 
15 salts and a polyirier processing the above features is 

heated to a temperature sufficient for the dissolution cf 
the polymer in the solvent (s). The temperature, T^isssi' 
however, should not exceed the temperature, at which 
gelling of the polymer taJces place upon subsequent cooling. 

2 0 Subsequently, the electrolyte precursor solution is 

incorporated into the electrochemical cell at a temperature 
in the range from room temperature to Tj^iseot • Following 
incorporation, the electrochemical cell is heated to a 
temperature Tgg^ . Upon subsequent cooling from T^^,^ to rccm 
25 temperature, a significant gelling of the electrolyte takes 

place, and the resulting polymer electrolyte has a 
significantly higher viscosity than the precursor ♦ 

In a preferred embodiment of the invention the polymer is 

3 0 a homopolymer or copolymer from the group of monomers of 

vinyl fluoride , vinylidenef luoride , trif luoroethylene , 
tetraf luoroethylene and hexaf luoropropylene, preferably a 
copolymer of vinylidenef luoride and hexaf luoropropylene. 
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more preferably a copolymer of vinylidenef luoride and 
hexafluoropropylene of a Bolar weight in the range 50,000- 
500,000, more preferably 100,000-300,000, and a weight 
ratio of vinylidenefluoride and hexaf luoropropylene in the 
range 80:20 to 90:10. 

US 5,7 05,084 to Joseph Kejha discloses a composite solid 
state or semi-solid state polymer electrolyte for 
batteries, capacitors and other electrochemical devices, 
wherein the electrolyte mixture contains polyethylene 
oxide, polyvinylidenefluoride/hexaf luoropropylene, a salt 
and at least one aprotic liquid. In a preferred embodiment 
the electrolyte comprises polyvinylidenef luoride/ 

hexaf luoropropylene in an amount in the range 0.1-70% and 
polyethylene oxide in an amount in the range 0.5-7 0% by 
weight of the electrolyte system, respectively. The patent 
discloses the coating of electrodes with solutions of the 
above electrolyte, prepared at eo-SCc, and the subsequent 
thickening of the electrolyte upon solvent evaporation. The 
patent, however, does not teach anything on the two stage 
heating and liquid phase-gel behaviour of the electrolyte, 
and the advantages thereof. 

PCT/EP97/07275 to Danionics discloses a lithium secondary 
battery comprising an immobilized electrolyte containing 
one or more alkali metal salts, one or more . non-aqueous 
solvents and an immobilizing polymer. Wherein the 
immobilizing polymer is selected from the group consisting 
of cellulose acetates, cellulose acetate butyrates , 
cellulose acetate propionates, polyvinylidene fluoride- 
hexafluoropropylenes and polyvinylpyrrolidone-vinyl 
acetates with the proviso that in the case of 
polyvinylidene f luoride-hexaf luoropropylenes , the polymer 



is present in an amount of at laost 12% by weight based on 
the weight of the salts, solvents and polyirier of the 
electrolyte system- The patent application discloses a 
nethod for the preparation of a lithium secondary battery 
comprising the steps of solvent mixing, salt dissolution, 
addition of imanobilizing polymer and sandwiching of the 
electrode between positive and negative electrodes* The 
patent, hoxvever, teaches nothing on the two stage heating 
scheme and the advantageous performance of the so treated 
electrolyte. 

In a preferred embodiment of the present invention the 
electrolyte comprises one or more solvent (s) selected from 
the groups (a) to (e) r 

(a) alicyclic carbonates represen-ced by the following 
general formula: 

-C (=0 ) -0-CR^R2" f ^^^A ^ m"^^^6"^" ' 

wherein each of , Rj, R,. H5 and independently 

represents hydrogen or a C^-a alkyl group and m is 0 or 1, 
preferably ethylene carbonate or propylene carbonate; 

(b) aliphatic carbonates represented by the general formula 
R^COC(O) IpORg, wherein each of R^ and R3 independently 
represents a C^-a al3cyl group, and p is an integer equal to 
1 or 2, preferably dimethyl carbonate or diethyl carbonate; 

(c) lactones in the form of cyclic esters represented by 
the general formula: 



-C(=0)-CR9R^Q-CR.iR.2-[CR.5Ri4],-CR.3R,^-0- 



7 



10 



20 



wherein each of P^, Rio^ ^n' ^n' ^h' ^',6 

independently represents hydrogen or a C^.^ alkyl group and 
r is 0 or 1, preferably 7-valerolactone or 7-butyrolactone; 

(d) esters represented by the formula Ri^CCCO) ]0R<,b[0R,9]^, 
Wherein each of R,^, R,, and R^, independently represents 
hydrogen or a C,-C^ alkyl group, and t is 0 or an integer 
equal to 1 or 2 , preferably an acetate, more preferably (2- 
methoxyethyl) -acetate or ethyl acetate; 



(e) glides represented by the general formula RgoO C^i^^) n^22 ' 
in' which each of Rjo and R22 independently represents a C^.^ 
alkyl group, Ra, is - (CR^jR^^CR^gRj,) - wherein each of Rj^, 
R^s and R26 independently represents hydrogen or a C^-C^ alkyl 
15 group, and n is an integer from 2 to 6 , preferably 3, R,^ 

and R22 preferably being methyl groups, R23, R24/ R25 ^6 
preferably being hydrogen or c^-Cj alkyl groups, more 
preferably hydrogen. 



In a preferred embodiment of the invention the salt of the 
electrolyte is selected from the group of alkali metal or 
ammonium salts of ClO,", CFjSOj" , AsF^' , PF^" or BF^", 
preferably LiPF^ and LiBF^. 

25 in a preferred embodiment of the invention the electrolyte 

precursor comprises solvent ( s) , salts(s) and polymer(B) in 
the compositional range from 63:25:12 to 94:5:1 percent of 
the total weight of the electrolyte system, preferably in 
the compositional range from 70:20:10 to 90:8:2 percent of 

30 the total weight of the electrolyte ^system, more preferably 

in the compositional range from 75:17:8 to 88:8:4 percent 
of the total weight of the electrolyte system. 
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In a preferred embodiment of the invention the dissolution 
temperature is in the range 45-80*=^C preferably 60-80°C, more 
preferably 65-75°C, and the gelling temperature is in the 
range 75-100**C, preferably SO-SO'^C, with the proviso, that 
the gelling temperature should be higher than the 
dissolution temperature. 

In a preferred embodiment of the invention the 
electrochemical cell comprises any one of the above 
electrolyte configurations. The electrolyte may be confined 
in a separator consisting of a porous structure made of a 
polymer, preferably of polyethylene, polypropylene, 
polycarbonate or cellulose, the separator having a woven 
or non-woven structure having a pore- size in the range of 
10 X 10 nm to 1 X 1 mm and a thickness of 10-10 O^ieI/ 
preferably 10-25/Ltm. The cell further comprises a negative 
electrode structure comprising one or more compounds 
selected from the group of graphite, coke, carbon black, 
aluminium, silicon or tin, and a positive electrode 
structure comprising one or mors compounds selected from 
the group of lithium manganese oxides, lithium cobalt 
oxides and lithium nickel oxides. 

In a further preferred embodiment the electrodes display 
such a porosity, which allows the diffusion of a relatively 
solvent-rich electrolyte phase into the pores of the 
electrodes, leaving a relatively polymer-rich electrolyte 
phase in the volume between the electrodes* such separation 
of the electrolyte in a pore-phase and a bulk-phase further 
reduces the risk of electrolyte leakage. In the case of 
cell puncture, the low viscosity electrolyte phase will be 
bound in the pores and will not leak from the cell. 
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Similarly, the high viscosi-ty bulk phase will be bound 
between the electrodes. 

In a preferred embodimenr of the invention the 
5 incorporation is applied on a V7ound cell, i.e, the winding 

of the cell is done prior to electrolyte impregnation. Such 
cell can be efficiently impregnated with the low viscosity 
electrolyte obtained from the first step of the present 
invention* The impregnation of wound cells further allows 
10 improved control of the solvent evaporation, i.e« the 

solvent composition is merely unchanged during the process, 
even in the case of low boiling solvents such as dimethyl 
carbonate and diethyl carbonate* 

X5 In a further preferred embodiment of the invention the 

electrolyte incorporation is carried out by a simple 
pouring or injection process. 

The invention further covers an electrochemical cell 

2 0 characterised by a negative elecrrode structure comprising 

one or more compounds selected from the group of graphite 
and coke and a positive electrode structure comprising one 
or more compounds selected from the group of lithium 
manganese oxides, lithium cobalt o:cides and lithium nickel 
25 oxides, preferably lithium manganese oxide, and a gelled 

polymer electrolyte, 1-12% by v/eight, preferably 4-8% by 
weight, of the total weight of the electrolyte being said 
polymer, which is selected from the group of homopolymers 
and copolymers from the group of monomers of vinyl 

3 0 fluoride, vinylidenef luoride, trif luoroethylene , 

tetraf luoroethylene and hexaf luoropropylene, preferably a 
copolymer of vinylidenef luoride and hexaf luoropropylene . 
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Examples 

Example 1: 

A lithium secondary battery i-zas prepared from a negative 
'electrode laminate of a polymer bound carbon coated onto a 
copper current collector, a positive electrode laminate of 
a polymer bound lithium manganese oxide spinel coated onto 
an aluminium current collector, and an electrolyte. 

The carbon was R-LIBA-A (product of Timcal, Switzerland). 
The lithium magnesium oxide spinel was prepared by a solid 
state reaction at SOO = C from Li^CO, and MnO^ and had a 
siaecific capacity of 120 FAh/g. In the case of both 
electrodes, the polymeric binder was EPDM (ethylene 
tsropylene diene polymethylene) . 

The battery laminate was wound from the above negative and 
positive electrode laminates and a microporous polyethylene 
separator. The entire battery laminate was placed in 
plastic-coated aluminium "cof fee-bag" container. 

The electrolyte was prepared by mixing ethylene carbonate 
(EC) and diethyl carbonate (DEC) in a volume ratio of 2:1, 
adding LiBF, and LiPF, (S0% to 40% by mole) to obtain a 1^1 
solution of LiSF,/LiPFi in EC/DEC, heating the above liquid 
electrolyte solution to 70°C, and adding at this temperature 
5% by weight of polyvinylidene f luoride-hexaf luoropropylene 
(PVDF/HFP) (KYNERFLEX 2822 from Elf Atochem) to the 
solution to obtain a 5% by weight solution of PVDF/HFP in 
IM LiBFJLiPFi in EC/DEC. The polymer electrolyte was 
stirred at lO'C for ten min. before cooling to room 
■temperature . 
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During these last stages, in the temperature range RT-70''C, 
the polymer electrolyte is in its liquid state. 

The liquid polymer electrolyte was injected into the above 
5 battery laminate at ambient temperature. Subsequently, the 

battery was heated to 85°C for ten minutes. The battery was 
allowed to cool to room temperature. 

At this stage, the polymer electrolyte was gelled, 
10 displaying in the bulk phase between the electrodes a 

viscosity significantly higher than observed for the free 
polymer electrolyte. 

The battery prepared had an active electrode area of 3 65 cm^ 
15 and, subsequent to charging to 4.2V, an internal impedance 

of 49 mn at l]<Ji2. When cycled between 4.2V and 2.5V at 500 
mA, the battery displayed an initial capacity of 3 58 mAh. 
After 400 cycles, the capacity was 2 99 mAh, say 84% of the 
initial capacity. At 1.25A discharge rate, an initial 
capacity of 210 mAh was observed. 



20 



25 



Upon nail penetration (0=5mm, F=6000N) the battery short- 
circuited, however, no leakage of electrolyte was observed 
on the surface of the battery upon visual inspection. 



Comparative Example la: 



30 



A battery laminate was produced and packed according to 
example 1. A liquid state polymer electrolyte was prepared 
according to example l . 
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The liquid polymer electrolyte was injected into the above 
battery laminate at room -emperature. Compared to example 
1, the battery was not heated subsequent to the electrolyte 
injection* 

5 

The battery having the same dimensional characteristics as 
the battery of example 1, had an internal impedance of 42 
mn at IkHz. T^hen cycled between 4,2V and 2,5V at 500 mA, 
the battery displayed an initial capacity of 408 mAh. 
10 After 400 cycles, the capacity was 343 mAh, say 84% of the 

initial capacity. At 1.25A discharge rate, an initial 
capacity cf 23 0 mAh was observed. 

Upon nail penetration (0==5mm, r=6000M) the battery short- 
15 circuited. Leakage of electrolyte was observed on the 

surface of the battery upon visual inspection. 



Comparative exam.ple lb: 

20 

A battery laminate was produced and packed according to 
example 1 . 

The electrolyte was prepared by mixing ethylene carbonate 
25 (EC) and diethyl carbonate (DEC) in a volxxme ratio of 2:1, 

adding LiBF^ and LiPF^ (60% to 40% by mole) to obtain a IM 
solution of LiBF^/LiPF^ in ZC/DEC, and adding at room 
temperature 5% by weight of polyvinylidene fluoride- 
hexaf luorcpropylene (PVDF/HFP) (KYNERFLEX 2S22 from Elf 
3 0 Atochem.) to the solution to obtain a 5% by weight solution 

of PVDF/HFP in IM LiBF./LiPFj^ in EC/DEC- The polymer 
electrolyte was stirred at room temperature for 10 min. 
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during which a partial dissolution of the polymer was 
observed. 

The polymer electrolyte was injected into the above battery 
5 laminate at ambient temperature. It was observed, that the 

distribution of electrolyte within the battery laminate was 
poorer compared to the above examples 1 and la, as 
xindissolved polymer was blocking the pores. Subsequently, 
the battery was heated to 8 5*0 for ten minutes. The battery 
10 was allowed to cool to room temperature. The polymer 

sleGtrolyte was gelled, displaying in the bulk phase 
between the electrodes a viscosity significantly higher 
than observed for the free polymer electrolyte. 
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The battery having the same dimensional characteristics as 
the batteries of examples 1 and la had an internal 
impedance of 150 mn at IkKz. When cycled between 4.2V and 
2.5V at 500 mA, the bartery displayed an initial capacity 
of 280 mAh. Aftsr 100 cycles, the capacity was 176 mAh, 
say 63% of the initial capacity. At 1.2 5A discharge rate, 
an initial capacity of 13 3 rAh was observed. 



Upon nail penetration (0=5mm, F=6000N) the battery short- 
circuited, however, no leakage of electrolyte was observed 
25 on the surface of the battery upon visual inspection. 



Comparative example ic: 

3 0 A battery laminate was produced and packed according to 

example l. 



The electrolyte was prepared by mixing ethylene carbonate 
(EC) and diethyl carbonate (DEC) in a volume ratio of 2:1, 
adding LiBx^ and LiPF^ (60% to 40% by mole) to obtain a IM 
solution of LiBF^/LiPF^ in EC/DEC- 

The electrolyte was injected into the above battery 
laminate at ambient temperature. No gelling of the 
electrolyte was observed. 

The battery having the same dimensional characteristics as 
the battery of example 1, had an internal impedance of 3 8 
mn at IkHz . When cycled between 4.2V and 2.5V at 500 mA, 
the battery displayed an initial capacity of 421 mAh. 
After 400 cycles, the capacity was 362 mAh, say S6% of the 
.initial capacity. At 1.25A discharge rate, an initial 
capacity of 3 60 mAh was observed. 

Upon nail penetration (0=5mm, F=6000N) the battery short- 
circuited. 'Leakage of electrolyte was observed on the 
surface of the battery upon visual inspection^ 
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laims: 

A metJiod for the prsparation of a polymer electrolyre 
electrocheinical cell using an electrolyte precursor, 
said precursor comprising one or nore solvents, one or 
more salts and a polymer which dissolves in the 
solvent at a first temperature {T^,-ssoi) which is 

capable of for:ning a gel on subsequent cooling 
following heating to a second temperature (T^^^) , T^^^-ssoi 
being lower than T^^^, which method comprises: 

(a) heating the electrolyte precursor to T^.^so^; 

(b) optionally cooling the electrolyte precursor; 

(c) incorporating the electrolyte precursor into the 
electrochemical cell ; 

(d) heating the elecrrochemical cell to T^^^ 

(e) cooling the polymer electrochemical cell to 
ambient temperature to bring about gelling of the 
polymer electrolyte 

A method for the preparation of an electrochemical 
cell according to claim 1, in which said polymer is a 
homopolymer or copolyr;er from the group of monomers of 
vinyl fluoride, vinylidenef luoride , trif luoroethylene , 
tetraf luoroethylene and hexaf luoropropylene . 

A method for the preparation of an electrochemical 
cell according to claim 2, in which said polymer is a 



copolymer of v i ny 1 i d e n e f 1 u o r i d e and 
hexaf luoropropylene . 

A method for the preparation of an electrochemical 
cell according to claim 3, in which said copolymer of 
vinylidenef luoride and hexaf luoropropylene has a molar 
weight in the range 50 . 000-5 00 . 000 , more preferably 
100.000-300.000, and a weight ratio of 
vinylidenef luoride and hexaf luoropropylene in the 
range 80:20 to 90:10. 

A Tnethod for the preparation of an electrochemical 
ceil according to any of the preceding claims, in 
which the electrolyte comprises one or more solvent (s) 
selected from the groups (a) to (e) : 

(a) alicyclic carbonates represented by the following 
general formula: 

wherein each of 'R., R,, R3, R^, R5 and R^ independently 
represents hydrogen or a C^-c^ alkyl group and m is 0 
or 1^ preferably ethylene carbonate or propylene 
carbonate ; 

(b) aliphatic carbonates represented by the general 
formula R^COC (o) jpORg, wherein each of R7 and Rg 
independently represents a C.-C^ alkyl group, and p is 
an integer equal to 1 or 2, preferably dimethyl 
carbonate or diethyl carbonate; 
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(c) lactones in the form of cyclic esters represented 
by tlie general fcr^aula: 

-C (=0) -CI^H^o-CR^^R^2- L CR^sR^^] r-^IS^U"^' 

wherein each of R^, R^p, R^^, R^^f ^13' ^is 
independently represents hydrogen or a C^.g ^l^^yl group 
and r is 0 or 1, preferably y-valerolactone and/or y- 
butyrolactone ; 

R^-,[C (O) ]0R,a[0R,9]^, wherein each of R^^, R^g and R^^ 
independently represents hydrogen or a C^-Cg alkyl 
group, and t is 0 or an integer equal to 1 or 2 , 
preferably an acetate, more preferably (2-inethoxy- 
ethyl) -acetate or ethyl acetate; 

(e) glyities represented by the general formula 
^20^ (^1^) n^2' which each of RgQ and R^i independently 
represents a C..^ ^^^Y^ group, Rj^ is (CR23R24CR25R2£) - 
wherein each of R23, R24/ R25 ai^d Rj^ independently 
represents hydrogen or a C^-C^ alkyl groups, and n is 
an integer from 2 to 6, preferably 3, Rgg and R22 
preferably being tuethyl groups, R23, R24/ R25 and R^^ 
preferably being hydrogen or C-,-C2 alkyl groups, more 
preferably hydrogen • 

A method for the preparation of an electrochemical 
cell according to any of the preceding claims^ in 
which the electrolyte comprises one or more salts 
selected from the group of alkali metal or ammonium 
salts of cio^*, CFjSOj', Asp^', PF^' or BF^', preferably 
LiPF^ and LiBF, . 
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7, A nethod for the prsparatiion of an electroclieiaical 
cell according to any of the preceding claims, in 
which the electrolyte comprises solvent(s); salts(e) 
and polymer (s) in rhe compositional range from 

5 63 : 25 : 12 to 94 : 5 : 1 percent of the total v^eight of the 

electrolyte system, preferably in the compositional 
range from 70:20:10 to 90:8:2 percent of the total 
weight of the electrolyte system, more preferably in 
the compositional range from 75:17:8 to 88:8:4 percent 
10 of the total weight of the electrolyte system. 

8 . A method for the preparation of an electrochemical 
cell according ro any of the preceding claims in which 
the electrolyte is confined in a separator consisting 

15 of a porous structure made of a polymer, preferably of 

polyethylene, polypropylene, polycarbonate or 
cellulose* 

9 • A method for the preparation of an electrochemical 
20 cell according to claim S, in which the separator has 

a woven or non-v7oven structure having a pore size in 
the range of 10 x 10 nm to i x 1 mm. 

10. A method for the preparation of an electrochemical 
25 cell according to claim 8 or 9 , in which the separator 

has a thickness of lO-lOO/xm, preferably lO-as^tm. 

11, A method for the preparation of an electrochemical 
cell according to any of the preceding claims, in 

3 0 which the electrochemical cell has a negative 

electrode structure comprising one or more compounds 
selected from the group of graphite, coke, carbon 
black, aluminiiam, silicon or tin, preferably graphite, 
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coke and carbon blacK, nore preferably graphite, and 
a positive electrode srructure comprising one or nore 
compounds selected from the group of lithiuia manganeee 
oxides, lithium cobalt oxides and lithium nickel 
oxides, preferably lithium manganese oxides, more 
preferably lithium manganese oxide LiMn^O, of spinel 
structure . 

A method for the preparation of an electrochemical 
cell according to any of the preceding claims, in 
which the dissolution temperature T^,.,,^i is in the range 
45-80«C, preferably 60-30«C, more preferably 65-75''C, 
and the gelling temperature T,,, is in the range 75- 
lOO^'C, preferably aQ-90=C, with the proviso, thar T^.^ 
should be higher than T^iasoi- 

A method for the preparation of an electrochemical 
cell according to any of the preceding claims, in 
which the electrochemical cell is wound prior to 
electrolyte impregnation. 

A method for the preparation of an electrochemical 
cell according to any of the preceding claims, in 
which the electrolyte incorporation is carried out by 
pouring or injection. 

A method for the preparation of an electrochemical 
cell according to any of the preceding claims, in 
which the electrodes of the electrochemical cell 
display such a porosity, that it allows for the 
diffusion into the pores of the electrodes of a 
relatively solvent-rich electrolyte phase, leaving a 



relatively polymer-rich electrolyte phase in the 
volume between the electrodes. 

An electrochemical cell characterised by a negative 
electrode structure comprising one or more compounds 
selected from the group of graphite and coke and a 
positive electrode structure comprising one or more 
compounds selected from the group of lithium manganese 
oxides, lithium cobalt oxides and lithium nickel 
oxides, preferably lithium manganese oxide, and a 
gelled polymer electrolyte, 1-12% by weight, 
preferably 4-8% by weight, of the total weight of the 
electrolyte being said polymer, which is selected from 
the group of homopolymers and copolymers from the 
group of monomers of vinyl fluoride, 
vinylidenefluoride, trifluoroethylene, 
terraf luoroethylene and hexaf luoropropylene , 
preferably a copolymer of vinylidenefluoride and 
hexaf luoropropylene . 
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polymer Electrolyte Electrochemical Cell 

The invention relates to a method for the preparation of 
a polyiaer electrolyte electrochemical cell using an 
electrolyte precursor, said precursor comprising one or 
more solvents, one or more salts and a polymer which 
dissolves in the solvent at a first temperature (T^^^g^pi) 
and which is capable of forming a gel on subsequent 
cooling following heating to a second temperature (T^^^) , 
T^- , being lower than T^^. , which method comprises: 

(a) heating the elecrrolyte precursor to T^-^g^^; 

(b) optionally cooling the electrolyte precursor; 

(c) incorporating the electrolyte precursor into the 
electrochemical cell; 

(d) heating the electrochemical cell to T^^, 

(e) cooling the polymer electrochemical cell to 
ambient temper arure to bring about gelling of the 
polymer electrolyte 

Preferably the polymer is a homopolymer or copolymer from 
the group of monomers of vinyl fluoride, 
vinylidenef luoride , tr if luoroethylene , tetraf luoroethy lene 
and hexaf luoropropylene. 



